When the width of the GaAlAs barriers decreases, neighbouring wells become electronically coupled and the electron and hole gases progressively loose their 2-D character. They are able to move in the direction perpendicular to the layers [l01 and their eigenenergies form minibands. In these structures, called small period superlattices (SL), low temperature luminescence spectra reveal excitonic lines [l11 corresponding to heavy and light hole excitons.
In this paper we report the results of photoluminescence (PL) and photoluminescence excitation (PLE) spectroscopies on several small period GaAs/ GaAlAs superlattices with near equal well and barrier thicknesses and compare the binding energies thus obtained for heavy-hole excitons with the results of a variational calculation. Starting from isolated QW situation where the exciton is confined in the wells, the heavy-hole exciton binding energy is found to decrease with decreasing superlattice period and to tend to about 4 meV when the SL period tends to zero. This limit is quite close to the value of the exciton binding energy in bulk GaAs.
The samples studied here were all grown in a Riber molecular beam epitaxy system. They consist of about 1 p of GaAs/Ga(l-x)AlxAs superlattice grown on a 0.7-pm-thick GaAs buffer. The aluminium concentration X is kept around 0. by t h e sharpness of t h e low temperature photoluminescence l i n e s . For a l l the sample l i s t e d t h e f u l l width a t h a l f maximum of t h e low temperature PL l i n e is s m a l l e r than 5 meV and t h e Stokes s h i f t of t h i s l i n e
A I A ) w i t h r e s p e c t t o t h e f i r s t peak of t h e e x c i t a t i o n spectrum i s s m a l l e r than 2.5 meV. T h i s Stokes s h i f t corresponds e i t h e r

Ih-h), 2 s E t o t h e one-monolayer i n t e r f a c e f l u c t u a t i o n s [12J f o r the SLs w i t h l a r g e r periods o r t o
(l-h), \ 1 1 7~/ 2 0~) a bulk-like behaviour i n t h e c a s e of t h e SLs w i t h very small p e r i o d s , i n which t h e bl main PL peak i s d u e t o some bound e x c i t o n s . 
a ) and t h u s a l l o w s a d i r e c t d e t e r m i n a t i o n of Bls-Two w e l l resolved peaks correspond t o t h e h e a v y -h o l e and l i g h t -
h o l e 1s e x c i t o n s . Between t h e s e two peaks a s t e p c a n be seen which is more o r l e s s w e l l r e s o l v e d depending on t h e sample and can be a t t r i b u t e d e i t h e r t o the e x c i t e d 2s s t a t e o f t h e heavy-hole e x c i t o n [ g ] o r t o t h e o n s e t of t h e continuum [ l , 131. However assuming t h a t the i n t e r m e d i a t e s t r u c t u r e is l~pO t h e o n s e t of the continuum and t a k i n g f o r
AIAI, I
I t h e 1s binding energy Bls t h e d i s t a n c e between t h i s s t e p and t h e maximum of t h e F i g u r e 1 : Photoluminescence e x c i t aheavy-hole peak i n v o l v e s about 1 meV of t i o n s p e c t r a of t h r e e samples. The u n c e r t a i n t y on Bls s i n c e t h e 2s binding (Fig. l b ) s t i l l e x h i b i t s two peaks corresponding t o t h e heavy-hole and l i g h t -h o l e e x c i t o n s , only one peak, broadened on i t s high-energy s i d e , can be seen on t h e spectrum of sample n0447 (Fig. l c ) . A-30 1) and 330 (39 1 -39 1) a r e very c l o s e t o t h e v a l u e s derived from PLE. On samples n0447 (10 AI10 A) and 417 (17 U 2 0 A), Bls i s found t o be e q u a l t o 3.8 meV and 3.5 meV. The heavy-hole e x c i t o n binding e n e r g i e s f o r a l l t h e measured samples a r e r e p o r t e d on f i g u r e 2 : when the s u p e r l a t t i c e period d e c r e a s e s , the w e l l and b a r r i e r widths being kept n e a r l y equal, Bls d e c r e a s e s down t o a value c l o s e t o t h e GaAs binding energy. An i n d i c a t i o n of t h i s t r e n d was found by photoluminescence e x c i t a t i o n under magnetic f i e l d [13] .
d e t e c t i o n energy is s e t i n t h e lowenergy (Bzs) has a value of about 1 meV energy t a i l of t h e heavy-hole e x c i t o n i n t h e 3-D c a s e (114 Bls) a s well a s i n l i n e . t h e 2-D c a s e (1/9 B1,). This procedure y i e l d s a v a l u e o f B1, f o r a l l t h e samples with a p e r i o d g r e a t e r t h a n 50 A. ( i i ) The PLE s p e c t r a of t h e two samples w i t h t h e s m a l l e s t p e r i o d s a r e q u i t e d i f f e r e n t . Whereas t h e spectrum of sample n0417
For high enough temperatures (say T > 60 K), a s a r e s u l t of t h e i o n i z a t i o n of t h e e x c i t o n , t h e n a t u r e of luminescence changes from e x c i t o n t o band-to-band recombinat i o n and t h e maximum of the PL l i n e , E p~ (T), follows t h e v a r i a t i o n of t h e GaAs gap, E G~A~ (T) ; t h a t is, i f A(T) = EpL (T) -E G~A~ (T), f o r T > 60 K A(T) reaches a p l a t e a u A. BIS can t h u s be determined by measuring t h e energy d i f f e r e n c e between A and A (T = 2 K), a l s o s u b s t r a c t i n g t h e PL-PLE S t o k e s s h i f t i f i t e x i s t s . We have used t h i s procedure on t h e f y r samples w i t h t h e s m a l l e s t periods. The r e s u l t s obtained f o r samples n0342 (30
To understand t h e behaviour of t h e heavy-hole e x c i t o n s i n a s u p e r l a t t i c e a s a f u n c t i o n of t h e SL period d, we have c a l c u l a t e d t h e i r binding energy u s i n g a v a r i a t i o n a l approach 11151. I n t h e t r i a l wave f u n c t i o n we use t r i a l parameters : one corresponds t o t h e in-plane e x c i t o n r a d i u s and t h e o t h e r is l i n k e d t o t h e z e x c i t o n r a d i u s . Fig. 2 shows t h e c a l c u l a t e d v a r i a t i o n s of t h e 1s heavy-hole e x c i t o n binding energy a s a f u n c t i o n of t h e SL period d when t h e w e l l and b a r r i e r widths a r e equal. When the period tends $0 zero Bls tends t o t h e GaAs bulk value. Bls reaches a maximum near d W 140 A and then decreases. The l a t t e r behaviour is the same a s t h a t of s i n g l e QWs. The experimental v a l u e s a r e a l s o r e p o r t e d i n Fig. 2 and t h e i r v a r i a t i o n s upon d a r e c o r r e c t l y reproduced by t h e c a l c u l a t i o n s . 
